The purpose of this paper is to expand the research base on creativity by assessing engineering students' creative self-concepts. A cross-sectional study of first-year and senior engineering students was conducted to investigate three constructs that measure creative selfconcept: creative self-efficacy, creative personal identity, and creative expectations. Gender differences in how creative self-concepts differ from first-year to senior year were also explored. The results show that female students have lower average scores on a creative self-efficacy scale at both the first and senior years. First-year female students have higher average creative identity scores than male students. However, senior male students have a stronger creative identity than senior female students. Senior males and females feel that instructors have lower expectations regarding creative behaviors as compared to first-year students. The lower expectation of senior students suggest that engineering instructors should consider ways to engage upper level students in creative behaviors. Future research includes a longitudinal study to examine how creative selfconcept changes in progression through the engineering curriculum.
Introduction
The concept of creativity has been an important research topic since the 1950's and 1960's. 1 Educators and scholars with diverse domains of expertise have studied creativity, the skills associated with creativity, and techniques to increase creativity in their respective fields. [2] [3] [4] [5] [6] However, even in the field of psychology, where the most research pertaining to the topic has been produced, researchers suggest that the study of creativity is actually often neglected. 6 Part of the difficulty in studying creativity is defining and operationalizing the concept, which may take on different meaning in different contexts. As a result, it is vitally important to examine creativity within a specific domain. 7 In engineering education, definitions of creativity often revolve around either finding novel ways to solve problems or creating functional designs and solutions. 8, 9 These definitions differ from creativity in an artistic sense, as the solutions and designs must be viewed as purposeful or functional in engineering and engineering education contexts. 8 Functional creativity has been measured by teacher observations 10 and self-report questionnaires. 11 However, these measures do not account for person-context interactions. In this study, which is a beginning attempt to explore person-context interactions in engineering, creativity was examined as a self-concept composed of three constructs: creative self-efficacy, creative identity, and creative expectations. A cross-sectional study of first-year and senior engineering students was conducted to investigate the three constructs that measure creative selfconcept.
Gender differences in how creative self-concepts differ from first-year to senior year were also explored as previous research has demonstrated differences in creativity between males and females. 12 For instance, Felder, Felder, Mauney, Hamrin, & Dietz 13 found that female students desired and expected more creative work at the start of engineering courses than males, but rated their own creative problem solving ability significantly lower than males at the end of the course. However, the self-ratings may not have accurately reflected performance on these tasks. In another study, Charyton & Merrill 11 found that female engineering students actually scored higher on post-test creative design tasks than males even though there were no gender differences in creativity at the beginning of the activity. The results from these studies indicate that engineering courses and programs may influence the perception of creativity and the development of individual creative abilities differently by gender.
Creativity Research in Engineering Education
The importance of fostering creativity in engineering education has recently been championed by many stakeholders. The National Academy of Engineering 14 released a report of the Engineer of 2020 project, which described the aspirations and attributes of the future engineering graduates. The committee stated that graduates need to possess traits such as "strong analytical skills, creativity, ingenuity, professionalism, and leadership" (p. 59).
14 The accreditation criteria for engineering programs also references the importance of developing creativity by stating: "The engineering sciences have their roots in mathematics and basic sciences but carry knowledge further toward creative application" (Criterion 5. Curriculum). 15 Additionally, several scholars have stressed the need to design creativity-driven pedagogies in engineering education to help future engineers cope, adapt, and succeed in their future careers. 16-19, Given the national initiatives and near universal agreement of the importance of creativity and innovation in engineering, the lack of research on creativity and the creative process with engineering students is surprising. In a content analysis of articles from primary engineering education sources from 2006 through 2011, Zappe, Mena, and Litzinger found just 16 articles that used the words "creative" or "creativity" in the title. 19 In addition, many of these articles were not empirical research on creativity in engineering students, but were rather descriptions of classroom activities that had the intention of impacting students' creativity. While these classroom-based studies clearly illustrate that creativity is a skill that can be increased with practice and should not be considered as a wholly innate and unlearnable trait, past research offers little insight into engineering students' perceptions of creativity in engineering.
Some evidence suggests that a disconnect exists in engineering between the number of opportunities faculty perceive there are for students to exercise their creativity and the number of opportunities student perceive. In a survey of undergraduates, Kazerounian and Foley 20 found that engineering students felt that their instructors do not value creativity and that opportunities to be creative in their courses were lacking. However, engineering faculty members reported that they valued creativity in their students, but did not perceive their students to be particularly creative. Interestingly, these perceptions differed depending on the academic discipline (i.e. engineering, science, and humanities), which led the authors to argue that "[c]reativity is not valued in contemporary engineering education" (p. 762). 20 Lai, Roan, Greenburg, & Yang 21 suggest that engineering education classes may actually impede creative, specifically divergent, thinking. The authors argue that engineering students are trained to think and define problems in a certain way, as defined by their particular specialty. This effect can also be exacerbated by providing too much structure in design projects and preventing students from reflecting on how they proceeded through the design process. Therefore, programs that do not specifically seek to increase and foster creativity may negatively impact students' perceptions of their own creativity.
Clearly, more research needs to on focus students' perception of creative in engineering education programs. Little is known about how these self-perceptions of creativity change as students' progress through the engineering curriculum. Additionally, little is known about how these perceptions differ by gender.
Self-Perceptions of Creativity
Recent theories on creativity developed within industrial/organizational psychology conceptualize creativity as "a complex person-situation interaction." 22 The potential for creative behavior stems from aspects of both the individual and the situation. Individual aspects include biographical variables of the individual, such as gender, and other attributes of the person, including knowledge, skills, and abilities (KSAs). Characteristics of the situation also impact the extent to which creative behavior occurs. The individual and situational characteristics interact to impact the potential for creative behavior. Although this theory was originally developed for a workplace setting, the model can be applied to a classroom setting where an instructor can develop activities that either suppress or promote student engagement in creative behaviors. Whether or not an individual student engages in creative behaviors is also driven by personal characteristics. Possessing higher levels of certain traits may lead to a greater likelihood of creative performance, but only if the environment is supportive. In the engineering education field, Charyton and colleagues 11,23 introduced a similar model in which the creative process is impacted by the environment (i.e. classroom or an industrial setting) and personal attributes (i.e. creative personality, creative temperament, and cognitive risk tolerance). Three individual attributes that could potentially impact students' likelihood of engaging in creative behavior are creative self-efficacy, creative personal identity, and creative expectations.
Bandura
24 defined self-efficacy as "the conviction that one can successfully execute the behavior required to produce" a particular outcome in a domain (p. 193). Tierney and Farmer 25 introduced the construct of creative self-efficacy in 2002, which they define as "the belief one has the ability to product creative outcomes" (p. 1138). Tierney and Farmer [25] [26] found that creative self-efficacy is predictive of creative performance.
A second creative self-construct is creative personal identity, introduced by Jaussi, Rendel, and Dionne. 27 According to Jaussi and colleagues, personal identity is "one that an individual holds critical to his or her self-concept" (p. 248). 27 The personal identity is generated through personal experiences, is constructed over a period of time, and reflects the importance the individual places on a particular category. Jaussi and colleagues extend this definition of personal identity to the construct of creativity: "Creative personal identity is comprised of the overall importance a person places on creativity in general as part of his or her self-definition…" (p. 248). 27 The final creative self-concept explored in this study concerns creative expectations 26, 28 . Originally conceptualized for workplace settings, supervisory creative expectations refers to an employee's perceived expectations that they be required to do creative work by their supervisor as part of their job. For this study, we re-conceptualized the construct to be perceived expectations from students' instructor that they need to be creative. An example item is "There is an expectation that I do creative work in my classes." This paper focuses on the impact of engineering curricula on these three aspects of the creative self-concept: creative self-efficacy, creative identity, and creative expectations. The overall purpose of the paper will be to examine how scores on scales measuring these constructs differ between first-year and senior students and between female and male students.
Methods

Data collection procedure
A cross-sectional study was conducted in order to examine differences in students' selfperceptions of creativity during the first and senior years. The research study occurred at a large, mid-Atlantic research-oriented university. In Fall 2012, first-year students who intended to major in engineering were asked to participate in the study. The students had just started their undergraduate studies approximately two weeks prior to receiving an invitation to participate. In April 2013, senior engineering students, two weeks away from graduation, were also invited to participate.
The creativity study was embedded in a larger study of the professional skill set in engineering students. One of the primary purposes of the larger study was to examine students' perceptions of global readiness. Because of the unique experiences of international students regarding global readiness and because the larger study context drove decisions about data collection methods, only resident students (US citizens or permanent residents) were invited to participate. In addition, the overall study design involved only surveying first-year and senior students, for a total of four years. Sophomores and juniors were not invited to participate in the study, not because their data would not be informative, but primarily to reduce the number of surveys administered to students in the College. Oversurveying is a large concern of the College of Engineering and thus, the decision was made to only survey first-year and senior students. Data was collected via an online survey.
Participant demographics
Of the 2,596 first-year students who were invited to complete the survey, a total of 865 participated for a response rate of 33.3%. Of the 1,316 seniors who were invited to participate, a total of 378 participated for a response rate of 28.7%. The proportion of female students at each class level is similar with 199 female first-year students (23%) and 93 female seniors (24.6%).
The large difference in numbers invited to participate for first year and senior students can be attributed to three factors. First, not all first year students who intend to be engineering majors end up at the main campus graduating from the College of Engineering. Some stay at their "home campuses" for other programs including some engineering degrees which are outside the College of Engineering at the main campus. It is unknown who will eventually come to the main campus to major in engineering. Secondly, the number of first year students intending to major in engineering continues to increase each year. Finally, some students do not persist in engineering and change their intended major to one outside of the College. The intended majors of the first year students are presented in Table 1 and the majors of the seniors are presented in Table 2 . The majority of students who participated intended to complete an engineering major offered at the university's main campus. The students with "other" listed either intend to major in an engineering major only offered at one of the university's campus locations or, in a few cases, were listed in the College of Engineering pool but had since changed their major. Some gender differences were apparent when examining frequency of participation in the majors. For instance, 29% of male participants were enrolled in mechanical engineering, while only 14% of female participants were mechanical engineering majors. Bioengineering (4.2% of males and 11.3% of females), chemical engineering (8.6% of males vs. 16.8% of females), electrical engineering (9.1% of males vs. 4.8% of females), and nuclear engineering (4.7% of males vs. 2.4% of females) also had fairly large gender differences in terms of response rate. These differences in gender are attributed to a few different factors. First, many of the engineering majors have enrollment controls, so many students are often not able to get their first major of choice. A second reason could be due to attrition in that some students do not persist in engineering. Third, students may change their intended major as they become more informed as to their choices within engineering. Since first year students had only completed a few courses, comparing their undergraduate GPA with seniors is not feasible. However, SAT scores were collected from both samples and are presented in Table 3 . In both groups, males had lower SAT Writing and Verbal scores than females. First year males had a higher Verbal Math SAT than females, but that difference was minimal in seniors with females reporting slightly higher scores. A MANOVA did not find a significant multivariate effect for the interaction of student level and gender on SAT scores (Hotelling's T (3, 1235) Again, these differences are likely due to the fact that some students will leave engineering and change their major to one outside the College. It is likely that students with lower math ability or who struggle in their courses, which could be correlated with their SAT scores, are more likely to leave the College for another major. 
Instruments
The students received three scales relating to creativity: the Creative Self-Efficacy Scale, 25 the Creativity Identity Scale, 27 and an adapted version of the Creative Expectations Scale. 28 Subscale scores were calculated for each student by adding the scores for each item, reverse coding negatively worded items.
The creative self-efficacy scale consists of three items on a 7-point Likert-type. Using the full dataset for this study, Cronbach's alpha was calculated to be 0.778. This alpha is slightly lower than that reported by Tierney and Farmer who obtained an alpha of 0.83 to 0.87 in their 2002 study. 25 The creative identity scale consists of four items on a 5-point Likert-type scale. Using the full dataset, Cronbach's alpha was calculated to be 0.85, just under the 0.89 alpha reported by Jaussi, et al. 27 The creative expectations scale consists of three items on a 5-point Likert-type scale. The alpha calculated using the full dataset equaled 0.83, slightly lower than the 0.91 alpha obtained by Farmer, et al. Table 4 provides the descriptive statistics for each of the scales used in the study. For each scale, a two-way analysis of variance (ANOVA) was conducted to measure whether the scale score (the independent variable) was impacted by the dependent variables of gender and year in school. 
Results
Creative self-efficacy
The results showed a significant main effect for gender on creative self-efficacy scores [F(1,1079) = 5.688, p = 0.017]. The main effect of class year was not significant [F(1,1079) = 5.724, p = 0.297]. The results suggest that female students have a lower creative self-efficacy score at both the first and senior years as compared to males, as shown in Figure 1 . While the interaction between gender and year level is not significant [F(1,1079) = 9.023, p = 0.187], the observed mean difference between males and females is larger at the senior level as compared to the first-year level. The average scores for males are relatively flat between the first and senior years while the scores for females drop. In summary, the statistical analysis shows that creative self-efficacy scores are different for males versus females across both years. There is no statistically significant difference by year and no significant interaction between year and gender. Figure  2) shows that female students in their first year have a higher score on the creative identity. However, senior women have lower scores on this scale as compared to male students. The scores of male students remain relatively flat from the first-year to the senior year. In summary, the results of the statistical analysis support that creative identity scores are lower for seniors of both genders as compared to first-year students; female seniors' scores are markedly lower than males. Figure 3 , scores for both men and women are higher for first-year students than senior students. In summary, creative expectations are significantly lower at the senior year as compared to the first-year. The decreases in scores are very similar for both males and females. 
Creative expectations
Discussion
The study examined creativity from a new perspective in engineering education by measuring three constructs related to creative self-concept. While informative, the results of this study are unfortunately somewhat discouraging regarding engineering students' creative selfconcepts, particularly concerning gender differences. First, even though overall creative selfefficacy did not change over time, the results show that female students at both the first and senior years have less confidence in their ability to be creative individuals. Furthermore, although the trend was not significant, senior females may have less creative self-efficacy than first-year females. A considerable amount of research has shown that differences in the levels of confidence of males and female working in STEM fields 29 , and this study expands that research to creative endeavors. Further research and instructional practices should attempt to address and correct these gender differences and encourage all students to engage in creative activities.
However, confidence and self-efficacy may decrease over time as individuals are better acclimated to the expectations and challenges of a field because they are able to more accurately evaluate their individual ability 30 . Therefore, it is important to examine other self-concepts. The two other constructs measured in this study, creativity identity and creative expectations, provide further insight into how the person and environmental interaction influences creative selfconcept.
The results indicated that overall creative identity is lower for seniors than for first-year students. The results suggest that advanced students may not hold the belief that creativity is an essential component needed in engineering. Interestingly, the effect depends on gender. In the first year, females have a stronger creative identity than male students. However, senior female students have a weaker creative identity than male students. The interaction may be explained by the creative expectations as students may become aware of the need to alter their creative identity in accordance with the expectations of the field 20 .
Unsurprisingly, both males and females in their senior year feel that their instructors have lower expectations for creative behaviors as compared to first-year students. First year females have higher creative expectations than male first year students, but both have similar expectations as seniors. The steeper decline in the expectations of female creative expectations may contribute to a decrease in creative identity over time.
Limitations
The primary limitation of this study is that it is cross-sectional, rather than longitudinal. Therefore, we must be cautious in interpreting the data as changes in creative self-concept that occur as students progress through the curriculum. The population of students entering their first year may be different than those at the senior year. Differences in the samples were confirmed by examination of their average SAT scores. Students just starting their studies may be overly optimistic and may potentially base their responses on their high school experiences rather than experiences as an undergraduate. Another limitation is that only domestic, resident students were included in the study, due to constraints of the overall study purpose. As mentioned in the methods, these study constraints also limited the authors' ability to only study first-year and senior students. Other researchers or future studies may want to examine growth across the four years, by collecting data cross-sectionally from all undergraduate levels or by tracking students longitudinally as they progress throughout the curriculum.
Another threat to the validity of these findings is that a proportion of students in the firstyear leave engineering. Who are the students that leave engineering? The literature points to factors such as deficits in necessary knowledge or skills 31 as well as psychological structures such as attitudes towards engineering 32 and motivation 33 . No studies have examined whether there is a relationship between creative self-concept and engineering persistence. However, one can hypothesize that students with a strong creative identity who feel they are not given opportunities to engage in creative activities may not persist within engineering. Alternatively, it is possible that engineering program hinders the development or expression of creativity in the students that do persist and progress. A longitudinal study would provide insight into how the engineering curriculum impacts students' creative self-concepts and whether creative selfconcepts impact persistence. The authors are currently planning to survey the first-year students who participated in this study when they are finishing their senior years. This will allow for further examinations on the characteristics of students who leave engineering and whether any relationship exists between persistence and creative self-concepts.
Most analytical and technical engineering courses do not require students to engage in the creative process. 34 What can faculty members do to encourage creative behaviors from their students? Runco 35 suggests that, first, instructors need to provide opportunities for their students to practice creative thinking. Second, instructors need to value and appreciate students' creative efforts, perhaps by including this in grading mechanisms. Finally, instructors themselves need to model creative behaviors. Faculty development opportunities, such as those described by Zappe, Litzinger, and Hunter, 36 can help to identify activities and remove possible barriers to integrating creativity into engineering courses.
Conclusion
Despite the limitations, the results from this study provide some evidence to support the claims made by Lai, et al., 21 who suggested that engineering programs are not doing enough to support or emphasize creative thinking. These findings are disappointing given the importance and prominence of creativity in current engineering education objectives and research.
14-17 The current study examined creativity in engineering education from a new perspective by measuring creative self-concepts. The results indicated that two measures of creative self-concepts, creative expectations and creative identity, were lower in seniors than first years, which reinforces Kazerounian and Foley's 20 assentation that students perceive that engineering faculty and programs do not value creativity. Therefore, there is a discrepancy between the prioritization of creativity in the academic literature and the impressions that are being made on students in the classroom. Future research and pedagogy should continue to examine and attempt to positively influence these constructs and students creative self-concept in engineering courses and programs.
